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Abstract
.

-111,

Featdres.of the.PLATOIIN CBE sypkem allow *the gathering

of large quanti,ties and varieties. of IriforMation describing

the interactions.of students with CBE courseware. Until

recently this type and volume of data have not been tasily

available, and hence few techniques or guidelines for its

analysis have been investigkted. This report describes some

attempt's and the,.current status of efforts to
4

collect, condense, and analyze these data for the purpose of

diagnosing student problems and.improving instruction.

444
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Prologue
'

Throughout.the history of the PLATO systeil, directins

in data collection and analysis-hive shifted steadily. (."

Shortly after the-evoelopment of early PLATO systems,'

system designed to pde4s,detailed individual data, the

System for InStrucp,ional Response Analysis (SIRA) was ,-

devised (Avner, 1969). Th(s package could ana,lyze*student

responses virtually key,tl'oke-by-keystroke. It was designed
0,. .

to perform many.of the highly sophisticaAd analyses made

f- feasibleby the power of the computer. Unfortunately, its -4
extensive flexibility overwhelmed most potential users.'.

. .-

These users, under pressure to produce large quantities f
. .-instructionalmaterial could rarely spare thetime needed

to master.thg advanced)teasurement concepts'uPon hichrthie .

SIRA package was based. 9ence, they tended tg avo any- sl
,

approach to data analysis that they did not already underltand.

raced with a technically sound package which was, not .

reaching its intended audience; the data collection 'philo- : i

sophy of systems-designers changed. In order to increase .

the likelyhood that instructional designers would make fdll-

use of the student d to that CBE gave access to,.it was
. .

decided to limit sy em-supported analysis patkagei to Very

basic levels:mhich.would be easy to use and. "hook" users on
4 6,

the utility 4 ltUdent data. It was expected' that once

users became kalccustomed to using udent data, they would.

-desire access -to more advanced tec niques. Father than
v

attempt to pr&vide the very flexible Advanced packages that,

would bie required to support the range of needed. applicat4oni,1
..-

authors were to be given toolS (commands, 'databases, etc.) '. .

.

.which they motild nee o develop their own,,inavidual .
..

analysis packagA
^

es. tem:designers felt that specialized, ...

1 I
a '

packagesfor each pr ject, discipline, or group would mean `-
., ,I . # . .

. .,

- 4.
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greater efficiency and higher acceptance than a "super-
,

tpackage"-for all users. Thus, o hly basic routines have

been systeq-sullPorted since the advent of the, PLATO. IV syitem

(Tatsubka & Siegel, 1974).

,.' At first, as anticipated; various 'groups begin developing

thir own'analysis.routines (Smith & Shprwolh, 1976; Yeager,*.

1976; Weaver, 1975). -Nowever, the next step of the Process

did not, occur 'exactly as expected. Rather than each_groOp

developing;uni9ue packages tailored to 'their - needs, some

groups bdgan 'adopting or adapting existing-packages Written
.

by others. _The- resulting packages were Upgraded, and consoli-

dated until today there again exists a Set of multi-user
. -

student4response analysis routines. (Of course, many groups

still maintain their own routines.) The current general-

purpose product is somewhat different than the SIRA product:

fo example, t does not not:fincludi'many of. the detailed

fu tions possible with the SIRA package. Happily, the

cur nt package does receive broader usage than the SIRA

pacgrage.

Thus the evolUtionarY process has come not quite full

circle. Though the autho of this_report can venture no
---,-

opinion concerning the tre ds.for future analysis packages

in terms of user- produced or sistdd-produced programs, new

system-level data collection-commands and continuing impvve

ments to the vaeious'user-level analysib packages suggest

that further changes in this area'are probable.'- The follow-
..

ing report'-details theme creation, development, and use of a

set of:student data response'routines collectively knowh as

"the 7area--padkage." . The phase of development which is

described herein coincides with the implementation of th'e

\PLAT O IV system. '
(
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Introduction4

1

t O ,

One of the virtues of automated instruction expressed *,

by CBE adVbates is that it allows easy and unobtrusive

'fhering of vast amounts of data about a-student'e.

perfonmanCe in a.lessoh. All this

to iAmediatefy analyze/and.imliroie

Nevertheless, it became _obvious in

information can be used .

fl

the iOttructipnal:product

the later years of thl

PLATO III system and the early years of the PLATO IV .system

efficient studeAt data collection package alone was n6t

sufficient to_fully exploit the information availgbie. The

full potential of CBE c?uld be realized only by means of

computer -aided analysers( of the student 4110.,

As the PLATO IV data collection system was being

created',` the gathering cif two kinds of information .was fh

provided for. The fi'?.st.type of dt.ta deals only with

single student interaction: the response he made, ,a .key he

preSsed, or an error he caused. The second type of dat

sUtmari;es the activities of a student after many interactions:

for example, rather than recording responses, it categorizes

them a7d tallies the number correct and incorrect. The

first 11.11.(1 of data must be analyzed manually by the author;

the second can be manipulated by the-PLATO system, then

interpreted by the author.
.

As part 'Of the software for collecting the summarizing-'

ty4.student dataT-the PLATO IV system.provides the author

with the ability to divide a lesson into contiguous "areas!e

and to automatically record a variety of measures about the

student's use of the lessomwithin each area. Because this

prision is so completely,automated, many authors have

implemented this feature,'and there is'a great deal of so-
,.

called "area data" being collected on the PL TO IV system.

An 'area' ii an author- designated segment of a lesson
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errich fa.i2ly consistently uses a single strategy'like drill,

tutorial, etc. "to teach p related set of facts or

"concepts. It is tYpically, about 5' to 20 minutes in length.

Whenever a student completes an- area' or stops. working on a

Jesson,,the computer records .the following peormation for

that student:, t} time spent in the 'area, the number of

,

ir

oestions attempted, the number of questions eventually N
answered correctly, the number of incorrect Student responses

which-were anticipated 90:unanticipated by the author, the.

'number of questions answereecorrectly.tn the- first try.,

counts of instanoes-in. which the student requestgd and .

received on-line help (andecases when On-line ahelp was

requested but unavailable) , and thejlanleof the ttudentt:the

lesson, and the area. This"aresummary,-as well as the
,

individual'interaction data (elog. the student responses) is ,

stored on -line for" rater sorting, transfer, or printirig.

should be apparent that it is not only 6ossible,.but,

quite easy, to gather appropriate student data - to 'be used tol

revise ressons and monitor studont'progres. The rema ining'

problemi4 that altho(Igh tie ogee-difficult task of data

collection has been solved, the analysis of the resultant

volumes of information becomes time-consuming and frustrating..

Recording all student responses (typically one, pet' minute)

for'a claO of 30 is clearly out of the questiogc. Individual

student interaction data must be recorded very selectively.

Evenfhe area summary data collects rather quiokly. For

example,v class of 210 students taking a two-hour lesson.
&

which provides area dAta*dbout every 10 minutes will

generate i500 area summaries, each containing more than 10
.

items ot,tiatal There are so many'values 'to examine and so

many comparisons that might be made that many lesson
. .

develppers, unpble to analkte all their data, analy) 'none_

of it.

1
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-.The analysis of this massivF amount of data demands tpe---t

Use.of-o computer. BeforS the Use of large CBE systems. such
. .as PLATO IV, the few ,CBE, users in elistence had:comparatively

*'\little courseware for which to gathlr'data and little soft-
,

.. are to make data collection feasible. Thui there was a

.Limited need for ways to sort, condense, and-analyzg the .."

data. For these reasons, PLATO lesson developers who gather
-_4rea summary data have'had few guidelines r its interpret-i/gR
ation. ,The rest of, this report describe recent attempts
and the current status of efforts to condense, analyze, and /
interpret area summary data fOr .thellOpurpose of impoving
instruction and diagnosing student problems.

""--

Interpretation of Area Summary Data
,

N.k Two 'measures of student interaction have been foundto
be especially valuable for evaluating the perfor,mance of
students and lessons: (a) the percentage.,of.question$

correctly answered-on the first attempt (abbreviated

%bkfirst), and (b) the number of incorrect,responses
yer question (abbreviated errors/question or errors/ques).*

Instructors comparing classroom obseryations .to values for

the above aerometers find. consistent, intuitive conformance.
For example, an area.which is very difficult will require.
the classroom proctor to aid.th'e students and will result in

low.%okfirst and a higil.value for, errors/question.

For a wide variety of subjects and disciplines a alaSs'
averap bf 80 %okfirst has been found to inaiicqte that the.
difficulty of the material is well matched to the class.

Instruction with %okfirst lower than 75 is generally too hard,
and material with %okfir-pt above 85 is typteallvtoo- easy. .

The %okfirst alone is not sufficient. %len, only a few

of the questions,areyery hard a nd the rest are 'easy,

11
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%okfirst has :itsusual---valder-only errors-/question it

4, .

,San sitive. 'colOerselx; errors/question is,not as sensive

a s %okfirst in cases where the difftcUity is.q?nsiAit4ntly

'Slightly too hared, but is divided evenly betweeffsAUestions.

In some cases, one. finds that reasonable explanations can be

.-made for "unusual" ratios, but in most instances, legititate .

)
roblems are foUnd.

L.

t'' Despite' -large student-to-student Variability, veriges

of %okfirstand errors74Nestion (and completion time) tend

to be fairly ,stable. It'appears that if essons were
.0, .

"accompanied by asset of normal ranges for various student

populations, an evaluator or instructor could estimate the

aptitude and/or preparedness'of a class. However, it sirs not
4V

generally"feasible to use $oXfirst-or eirors/quve
#

tton to

::grade" individual students.: Thi§ is becauise extreme values
.-

for certain students may point out 'cases which need further

investigation, but,variationN4n the styleof student usage

often explain what*initially appear to be "problem." For
411Ui.

example, some students delitrerately make errors to see
4

.

alterna.tiVe plauSible arisWers_are incorrect. .eurrently,'the

greatest generalizable use.ofarea summary dat4 is fbr-

guidance in the revision of l,essions.

An Example of:H0W Area Data' Aided ReViSior-r.of.-e.Lesson4.'
,.

. ' #
1

) w t

Irritial Version -A A Mathylesson teaching -the addition

and subtraction Of'sigmed:ngmberi mas'divided into seven

a reas, Each of first six areascontained instructions,_

exdmples', andoxerci4ed dealing witilsone type` of problem

(e.g., adding two numbers .of opppSitewsign,or subtracting"'

two numbers both
.

of which are negative): The'SeventhAarea.

pr-ovided mi.xechpractice.with the previous six problem types:
Date for several classes isjoand in'Table 1. The- lesSbn

4
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4k. . i. ..,
... .

Area. - . Iiin/Use . Ministtu ZOkfirst Errora/ques ...

' .. .

...

1' 2.0 \ 2.3 .'.. 87 0:40'

2 ., , ,.1.4 . 1.6 . 88 . 0.21 ..

3 . '' 1.7 -1.9 88 . 0.16
s-

.
-`"

4 1.1 1.2 .38 0.22. 4

s

.1
10

7 5 2.6. 2.9 80 0..

..1.6 1.7 78 0.82
.,

. 2.0 2.1 - 82 ' 0.31

.
,... ..*.

1.4- . 1.7 05 0.10
,

2
.-

1.5 1.8 77 0.35
\

3 1.4 .48 90 '0.15
..

4 0.9 1". 0 ..89. 0.14
. ..

5 .2.5 -2.7. 78 04.3-5

6 1.7 1.8 81 0.30.

mixed. '2.1 3.2 70 0.48

. ....
-

6

'mixed

-3-

-1 3;8

2 2.3

3 i.5 e

mixed

5.9 76 -0.74

'3.1 78 0.32

3.2 86

1.8 2.1 4 86

4.7 5.7 70

4.0 z 4.6 62

511\ 6.2 56

..//

.-Table 1

0.16

- 0.29

0.84

0.56

0.51

4

.Class Perfotniedoe'Data fin., the Original Ver sion o ,aMath
Lessot ' r 0.
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was.first used by large'bumbers of .students in Spring'1975.',

As gulicipate'by th'e authors,the difftculty 'Of 'the f=ifth

and sixth.areas*(subtraCting.W'ittl.negai4Fes) was treater

than that of other areas. Howev.er,'what was not expected

was the very great difficulty:of the final mixed exercise.

In five of the six classes the %okfirst dropped off

dramatically' for.the for the mixed exercise (the seventh,
. -

area). '*,
.

These data suggested a need.to add an additional "help"

area before mixing together all six types of prqblems:

Because individual problem types were apparently mastered,

discrimination between pi-oblem typesvias seen as the

stumbling* block. .

examinaiion of the histograms of %okfirst for each

411,,' ;area provided additional insight about what was Vpnening

the students. FigUrel.presents the results of ar representa-

tive-class for the last three areas'or the lesson. These .

and other'data suggest that -many students apparently did

throughbut the lesson.whereas:part,tf the class plum-

:'meted rather suddenly on the last nfixed exercise. 'Tis .

informatiOn, combibed with analyses-of,individual-students,

led the author to decide that only, studentSwho'sdbred lower-At

than"80%.on the previous are would be routed through the.

additMlal discrimination exerRise,ki.e.,*fhp "help" area).

, A*second,,simultaneods modification,to thi's lesson was

I

- -- .

based on instruCton -requests,rather than student data or .

,,

'-ift 1

'cbmments.' 'In order to reduce the time needed for the lesson,

the nuTbe'r_of exampled in each area was reduced frbm two to-
y

one., ,

.

Second version: The results of the Spring and Faal

classes for "the first-and second veciioblof:the lesson are

)' showm in Figure -2. The ,classes using'the revised' version'
, .

had a bnifOrmly lower perfortance fez measured by :akfli-st). A (, w *
1

14r-,

I-
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Although the consistency oCthe shift n-performance might

possibly have been-.caused by Fall` 19T5 students who-were
..., .

more ntell =igent than the Spring 1 5 students,-the-reduction
J.

. . 7 -
'1 I

in the number of examples Was stro gly implicated as the
, --......

culprit. Ip any case, ,the ).esion s undesirably low perform.,

ance suggested that it be 'modified, no matter what the ucase
, ..

might be. Therefore, one or, more examples were' added back ..
-

7

into all teaching areas except'
/

area 4 in which students had

scored higher than 80f okf;foir the revised.lesson.."StUdent-
./

by- student analyses indicated theelp! sectionseemed'to

'bee aidibg poor students es' was intended, but the-change in -

overall performance caused by the
/

reddction in number of

examples was so large .that further int erpretation,Kas

'obscured:-

Th4rd/version. Data for the Wird'iersion was co ected

in all 197' The data from the'first two versions w

collected from the Same commoity college classes, whereas

the data from the third version was gathered from jpnlbr

high "school students. Nevertheless; the results of the

analysistuggest* the' lesson behaved ,similarly for ail three

groups of stu ents (Figure 2).

Th'e e moles added to the third version seem to .have

raised the $olCfirst-for all areas. except, area 4.- The

that the umber of examples ley-irea 4 was not changed co'n,

0.rms t e validity of. the -charges- to other areas. It is

inter sting to -note 'that although the'%okfirst for this

las version is generally lower than that of the first version,.t

t performance.on the final- mixed test IS higher. This is.

robably due to the whelp" prea-1 which was not aiailablevto

Students taking the original form of the lesson, The %okfinst

for the help area is lower than -all dther-areas because,only
c

students doing poorly' in previous sections are routed through ,
-..

the help area. This extra help
.

and practicp in discrimination

AV

1?
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of problem types tends to keep the poorer students frog

"falling apart" on the final mixed exercise. The result is

that the Average sA:sie for the whole class, rather' than

slowly declining through the later areas, makes a sharp

upward turn in the final test area-. The class average of

lokfirst on the final test area is near the average %okfirst

of the previous six areas. This is.where one would expect

1.t to be if ;tire difficulty with discrimination of problem

types-had been eliminated: the.test samples items from each

of ttie previous areu-

Looking at.the indiyidual student performances (not

shown here) one sees that 'students whoodid very well init

ially and who thus avoided the "hail)" area received- lower

score on the retied practic6 than their average-on the-six

/ Problem typei./ Conversely, student that did poorly and' got

the review, did better on the mixed practice than their

previous average. This suggests that I.seatd briefer help

section to teach "good" students to diSCAminatdvrobleM typ

would be an efficient waY to further increase the average

score.

1.40 3

Summary. While lesson revision shobld continue to be

partially based on.commentifrom students and Instructors as

well as,puthor intuition, the preceding example demonitrates

the power of basing revisions on student performance data.

For example, the decision.to reintroduce examples can be

\explained and 4ustified to skeptical instructors by means of .

these data.' IC a decision werec,made that the student scores

should be increased still further, the absence of data such

es,

as that shown here would make it unclear whether more exam-
.

...Xt-s or more practice should be added iiiriehich types of

questions need' the most elphasis.,Ip all likelihood,

increasing either examplds -cepractice wotild increase final"-

scores, bUt only by Subitantiallytincreasinglesson -comp-

letion time. As noted above, there is evidenoeith0 a
. ,

se
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second' brief help section for more of the students might

substantially. boost average scores. If so, that would be a

very efficient revision in terms of both 'the students' and ,

the author's time

yeasures of CRE Inte raction

f

As was previously .noted,' area summaries provided by theN
computer for each student contain tallies of various of the

student's activities: In'th'e lesson revision. example,

however, none' of the data was used in its raw form -- instead ,

a ratio or percentage Was calculated. Because the number of

questions varies from area to area, the number-of questions

answared correctly on the firsElattempt cannot be comrired

from one ara to another. However, the ratio of 'questions

answered-corretly-6n first try" to "total questions" can be,

ped to construct' a parametei which can be usefully ompared.

For convenience, the ratio is often expressed'as g perent-7"
age.

The lesson revision example was based on the examination-,
of .e single parameter 'derived from area summary data. In

fact, there air many more data available and many more'.

parameters -which can be derie0. Potentially useful ratios

Ain addition.to thdse already mentioned) include:

qyestions/minute (a measure of the student's spe'ed and/or

'the nature of the lesson), Interactions/minute (where
/.

interactions is the sum of response attempts',.pn-line help

_accesses; and student4-requested branches), and unanticipated
F.

responses/question (a-measure of lesson "polish").
a .40 ,

The reader can imagine many oth9r measures which can be

Constructed by algebraically manipulating the'parameters .

previously listed. 'At thi't time however, only.a few ratios

like 19kfir4,t and-errors/questidn have been investigated.

18 is
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For-the-other ratio's, little is knoim about the validity,. .

ieneralizability, or normal range or values.

.-;
. r .

Features and,Opfions fOr Data Analysis I.

A *
2

The area analysis package automatically calculates many

useful ratios and a- verages as well as allowing the user to

. constl;cttis own. -Other Ott can ,also be retrieved, mani-

pulated, and displayed-in a vast.vat.iety of formats by the

data analysis routines. Rather than being exhaustiv1 e, this.

section lists examples a.? some of the especipiy useful-or '0

interesting options.

To aid the user in finding relationships among the

student datd,'scatterpldts and histograms may beformed.
\__

After a histogram has,beendisplayed, it is o7eri interes%-

ing to investigate the characteristics of data at the ends

of the distribution. Therefore, one option allows retrieval

of complete information for all records of a type specified

by the.us,er (e.g., all time data for any student who com-

pleted'a specific area with three or fewer errors).

Tables of summary.data are provided in three categories:

all areas within a lesson, all students within an area, and

all areas completed by one student. Each summary)as a.

-different focus, and inconsistencies in summary data may

point to potential problems in areas,lessons, or.students.

An especially interesting visual displ4 shows the TrogreSi.

of an individual student r qe\to the rest of his class-

mates (seeigure 3). An to arameter,(okf,timeor ,

etc.) is plotted fdr up to 18 consecutive areas. Thg mean --.

and standard deviation'kor the'class are visually idicated

-t and the student's score is..plotted over this "back. ound."

A student may complete 6 area several times if the results-

from his first attempt are unsatisfactory according to his

x. 20
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AREAS

NUMBERS ON THE HORIZONTAL AXIS REPRESENT AREAS.

IS THE AVERAGE FOR THE AREA

' <-4.p IS THE pth ENTRY OF WEISS d IN THE AREA.

IS THi RANGE FOR t SD iSTAHDARD DNIATION)

g,

(

Figure 3

Summary Graph for' One Student' for One Parameter (%okfirst)
17
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oWn or the iislon's criteria. The -results of each

n

success-
.

% ive ompleti n are indicated so that the ,student's improve-
-g -..

ment can b verified by the adthoror by the stbdent's
,,.. _. .

nstructor. It was this kind of display that was used in .,

the lesson revision example to follow the success of indivi-
, 6

'dual "V and "weak" students to see how the lesson.was

pelrforming.

Another tecenique one may use to concisely portray

large quantitl&s of data visually is to generate a.cumula-

tiye'frequency curve (caned ogive)for thejompletlaq time

of the areas (Figure 4). Varying,the scale. factors reduces

the data from different arseas into a familiar S-shaped curve,

whose shape and parameters may then tie interpretted. (See

discussion under "time" in the net se6tion.)

'-'-Any data ft-am an area summary may be transferred to a

more poweul set,of statistical analysis routines available

on.the'PLATO system:* After transfer, the data may be trans-
.

formed by an arithmetical function (e.g.,.1..eciprocal, loga-

rithmic) and-Used in multiple regression routines. *Other
1

data-not found in-area summaries may be included in

the regression (e.g., grade point average, ege).

The graphical or tabular displays-produced by the

analysis packages can be hardcopied by:Teens of a plasma

"display copying device e.g., the Varian copier).
4

Di .

addition, most.of the tables.of data can be automatically

formatted for a line printer.

Analysis of'(Silitary Data
12

The data analysis routines were refined and expanded as

part of the ARPA /PLAT? evaluation project in anbinipatpn of

their use during formative and summarise evaltiatibnjperinds,- .

'At the inception -of the evaluation phase of this project, .

22
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the lessons at. Aberdeen 'Proving Ground had been completely

written-end-tested; students were no longer using them, At

Chanute AFB, all lessons had been written and validated just

y prior to the start aT the evaluation period, but student use

_was, continuing. The M TC/PEER evaluators, being_espepially

interested in studying and aiding the process of lesson
'.

development and revision, thus*directed.their efforts ward
-4

-'the lessons of, another major APPA/PLATO site, Sheppard AFP.

The Sheppard project had beguh a year later thin ire Other .

two projectiTia-rWe-b Sheppard's' lesson development

and validation was slated to fall into Yie evaluation

period. Unfortunately,the small class size (16 oP.fewer

for each of two 'classes)-and the evNitual re- erection of

that project produc) data -that was sufficient for only a'

few analyses.

7;-,r6reseeing some of these, problems, the MTC/PEER evalu-

staff elected to collectjiata from Chanute AFB students. ,

Because iipe Chanute staff did not use area summarkinforma-
.

"tion duririg4-validation, no proVision had been Tadesfor its

collection. Therefore MTC /PEER Staff reprogra ed eight'

lessons we had previously reviewed, d'ividing each lesson

into areas and installing other programming required for

collection of area data.

- Because we were forcedlto rely on the forbearance of

CH'anute staff for a number of data-handling procedures.,

unrelated to their owp.goals, data collection could be

maintained for' only a limited perlod of time.

Chanute data. Because the Chanute AFB lessons had' -n

already met their validation criteria, major fevisions,baAed

on the ara summary data appeared,unlikely: Therefore the.

analyses Arformed with these data were directed toward

eveloping Aeneral hypotheses about how to Use area data

ether than toward diagnosing student or lesson problems.

24"
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The existence of large quantities of criterion=referenced;

test...data, course test data, attitude surveys, and area .

summary data for 'Chanute students has provided a rih skurce

for CBE investigation. Current research efforts make use of

routines which extract relevant parameters from'area data

and allow them to be compared to a selection of predictors

such as those suggested previously.

Sheppard d

collected for

We transfe'rred and analyzed all data

classes of Physician Assistant students--

summaries r 56 areas from 62 lessons were obtained. In
i

several cases there were sufficient datato serve as a basis
.

4'' for rvision of lessons; however, the modified goals,of-the
''(

.project. plus :a delay in the availability of the analyses

meant Oat no revisions were, actually made on the basis of,

this data, A post hoc analysis comparing_the student -
.N. .

of, the first and seqond classes emonstrates that
t

the student population shifted or that revisions to the

le largely successful. For example in 12 lessons

parisons were possible, both the %okfirst.and the

rors/question improved dramatically in 10 cases and

worsened slightly in,2 cases. AS xplained previously,.

....../
/further interpretations and analysis were not made .because

,
of t'he uncertain future for the-lessons. Nevertheless, with

the potential for efficient revii/fOn and vaihbt:1-on demon-

strated in this initial effort blY MTC/PEER ,staff.,' the

Sheppard PLO group has now.tai.ten over the resilorisibility
1,

*gathering area data, . analyZ/ng it, and using it for

fonmative development.

A

lessons we

whe

Preliminary Findings
7

Time. Initially,users of the area ,analysis package
4

concluded that time is not orally an indication of student
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success. As an example they'citedtwo sbudents (Gernyleind

Lenerts in Table 2) who spent more time, did many more

exercises tnan other student, and performed well. All

students had the option to get more practice. These' two

chose to do so and apparently enjoyed it. Eby/ever, dent
#

Adam took. about as much time as Gerny and Lenerts,.bu did

very poorly. Thus the elapsed time in an instructio al area

is seen to. be a Tess- reliable indicator of success an

%okfirsc or.errorSiqueitiOn. 'Other data, not shown here,

indicate-that in "testing" areas, as opposed to teaching or

prac,tice areas, fast students tend to KITorm better than

students who take alot of tine to complete the test.

Investigations of cumulative frequency curves far time

data (TatsuOka & Tatsuoka, 1977) promise to'supercede the-'

early conclusion about the usefulness o time data cited

the new research attempts to re ate time and

performance data by fitting student`data to a mathematical

model and equation. There is an indication that data,which

does not fit the model well may point oUt problems with a

lesson. segment or;,studenk, population. For example, Chanute

AFB data from a lesson whose data fit the model especially

poorly was found to have at 37% failure rate (vs; the 10% or

lower failur'e required for validation). -Students takini a .

.

statistics'lesson (originally written at an ARPA site) were

divided into two .groups based ,on their pe'r'formance. The

time data from the grOup with higher performance, fit the

theoretical distribution significantly better-than that for

the poorer group.

An attempt is beinge made to use time data to provide,

additional. information when Choosing whether to'pasS or .fail

students whose 'score is near' the cutoff point ofdra criterion-

referenced test. If one,uses only the student's score,.

measurement errors inherent in testing mean that the decision

26
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1 :..4.1t

No. of .

6 . Student Time cfues.
_ .. .

.'adams 27.6'
.

56
\

baker 7:1 ' = 15

carlsen 2.2 12

douglas - 2.9 12

egers 3.1 . 12

Franklin 3.0 12

4Rerney 26.9 146-7)

harrison 3.5 6
ti

ihold . 1.9 2
,

jacgson 2.Z 2

,king 5.1 8

enerts % 33.2 192 /
P / .

michelson 2.7 3

,

4'

Antici-` Unanti-
No. of ;t:faated ilipated

Okf errors if errors

.

22 24' 47
... ..

12
3 3

12 :0 -0

12 0 0

' 11 '0 1

12, 0 0

137 0 8 1

.5
0 1

'2 0 0

. 2 Q 0

5 . 0 1

l 172 0 20

3 0 0

Table 2 A

''
, %,

.

Student Parav4ters for an Area ofa Math Lesson
' (note: student names are fictitious.) %

27
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to pass or-fail somestudents near the cutoff point will. be

Made'incorrectly. Ass/fail decisions may be made more
# ,

accurately by. including additional date about,. the

needed by the'student to complete the lesson'and/orthe

lesson test., Final reports of the" research, being supported

by the Basic .Skill Group 'of the National InStItute Of ',0

EAcatiom, will be' available late in 1977.

.= .Lesson-strategies. If'a lesson is-divided into areas.
.

so that some of the areas contain mostly didactic, tutorial

material with-few opportunities to practice new skills while

other areas consist primarily of practice with fewhelp-
sequences, one. will find a sharp contrast inAe patterns of

.=-

%okfirst and, errors/question histograms.' Figures 5 and 6

exemplify these differences. .T.he distribution of.both
z

%okfirst and errors/qUestion is broader for the practice

area than for tke tutorial area. ,

Lessons that teach by "trial and error" method, or_

lessons that mainly_teach"by help sequences have still

different patterns of %okfirst. A's couldbe predicted,

nquiry -type teaching produces a higher error rate..
. A

Use of incomplete area records. During the analysis of

a a data one,must'decide whether or not to, include records

rea data in which the student failed to complete the-

Who e area.. AVailable informatiOn suggests excluding such .
area records when searching for lessOn problems.

his ;s'o(3'unter-intuitive:one would seemingly want to find

cases ,here,students were unable 'to finish an area because

of robi.emi. However, 'the data" from incomplete area is

likely to be skewed so badly by short-time users that .*

--problems may be hidden., rather than elucidqed, by includifig

this data. Wheh sufficient numbers of completedlreas are

not available, dat'a from incomplete areas'can be "cleaned"

t. by discarding any students whp have answered no questions in
4

28
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an area or who have'spent only g short .time in the area.

Tie
.

followings histogram (Figure 7) contrasts data co/lected

from "complete onpo bnd"-all" Area summary fecords. The

shift to the righi for the "complete _only" uses is visually

apparent and demonstrates typidal differences observed when

trying to interpret.incdmpletearea records.
. -

When cd/culating 'te4ohing efficiency or'when viewing

-the progress of an individuallistudent, all area data should

b,e examined- so that both successfu and unsuccessful-

endearrS are'profiled.

/'

FOture

r

.

At least three coticurrent efforts are needed to advan

this field of computer analysis of student interaction data:

'1.. New, rrreaningful measures must be found and validated.

2. Ways to use these_measures for the formative deVel-
,

opment of lessons and for project management mut

be found..- I
L.-

3. Computer soft4are packages to simplify the analysis

task for all a'uthor's must be built, tested, and

documented.

?here are dozens of measures and parameters hichsseem
c

meaningful; and Rotentiilly'hundreds of correlations, that

might be examined. The- exploration of normal valyes for

thes parameters and corre lations has.just begun. -Intuition
I

has s ved as the only,guide until recently--now careful,

systematic investigations are underway. A desireatIle result
d

might be a set of algorithms for reducing the great volume
k

of area data into a handful of consistent, sensitive
..

measures
,

that relate.t.o the Major characteristics of a
lessOn (effedtiveness, efficiency, difficulty, etc.) Enough

exploratory:work has been done 'to demonstrate both immediate

e .31 .
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applications and the potential for the future,

Current research at URI involves regressi n analysis

of the area {data to predict lesson and course res, andr_

the analysis of elapsed time for terweilng end esting to

predict student, success.' Other users of area a are

investigating the shape (i.e., 'Mean, standard eviation,

.skewne'ss) of distributions I'<iparameters sue as %okfirst

to diagnose lesson weaknesses (Smith, G'"esqui re,.& Avner,,

.ti

1'974).

A new manual describing the use of tne
1

ata transfer

and 'storage routine's, and the interpretationforthe data is

in preparation by Weaier and Tatsuoka for ipuW.igation in

late 10.7.

1.
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